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[Name of Document] Specification 

[Title of the Invention] Magnetic Head and Process for 
Production Thereof 
[What is Claimed is] 
[Claim 1] 

A thin-film magnetic head comprising: 

magnetic layers each containing two or more elements 
of Co, Ni, and Fe; 

wherein said magnetic layers are plated films , and a 
magnetic layer, of said magnetic layers, which is disposed 
near a magnetic gap is a plated magnetic film containing Co, 
Ni, and Fe, with 20 ^ Co ^ 40 wt%, 0 < Ni ^ 2 wt%, and 60 
^ Fe ^ 80 wt%, and having a saturation magnetic flux 
density of 23,000 gauss or more. 
[Claim 2] 

A process for production of a thin-film magnetic 
head with magnetic layers each containing two or more 
elements of Co, Ni, and Fe, 

wherein said magnetic layers are formed by 
electroplating in a plating bath having a pH value of 2 or 
less, and 

a magnetic layer, of said magnetic layers, which is 
disposed near a magnetic gap is a plated magnetic film 
containing Co, Ni, and Fe, with 20 ^ Co ^ 40 wt%, 0 < Ni ^ 
2 wt%, and 60 Fe ^ 80 wt%, and having a saturation 
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magnetic flux density of 23 , 000 gauss or more. 
[Claim 3] 

A process for production of a thin-film magnetic 
head as defined in claim 2, wherein the magnetic layers are 
formed in a plating bath containing saccharin sodium salt as 
a stress relaxing agent . 
[Claim 4] 

A process for production of a thin-film magnetic 
head as defined in claim 2 or 3 # wherein the plating bath 
contains saccharin sodium salt in an amount of 0.5-2 g/L. 
[Claim 5] 

A thin-film magnetic head of write-read separate 
type in which a read element is a magneto-resistive effect 
element and a write element is an inductive magnetic head, 

wherein upper and lower magnetic cores of a write 
head partly or entirely have magnetic layers consisting of 
magnetic films each containing two or more elements of Co, 
Ni, and Fe, the magnetic films are plated films, a magnetic 
layer, of the magnetic layers, which is disposed near a 
magnetic gap is composed of a plated magnetic film 
containing CoNiFe, with 20 ^ Co ^ 40 wt%, 0 < Ni ^ 2 wt%, 
and 60 ^ Fe ^ 80 wt%, and having a saturation magnetic flux 
density of 23,000 gauss or more, and the plated magnetic 
film is a soft magnetic thin film formed by electroplating 
in a plating bath having a pH value of 2 or less. 



[Detailed Description of the Invention] 
[0001] 

[Technical Field to Which the Invention Pertains] 

The present invention relates to a magnetic head to 
be incorporated into a magnetic disk drive for writing and 
reading information, a process for production of the 
magnetic head, and a magnetic disk drive provided with the 
magnetic head. 
[0002] 

[Prior Art] 

Recent magnetic disk drives with an ever- increasing 
recording density necessitate recording media having a 
higher coercive force than before. Under these 
circumstances, the magnetic core of the write head ought to 
be formed from a new material which has a high- saturation 
magnetic flux density (Bs) and generates a strong magnetic 
field that permits writing on recording media having a high 
coercive force. 
[0003] 

Examples of the material having a high saturation 
magnetic flux density (Bs) include CoNiFe alloys (Bs > 1.7 
T) having a Bs value greater than that of Ni 45 Fe 5 5 alloys 
(Bs: 1.6 T), which are used in current magnetic core 
materials. CoNiFe alloys are described in Patent Documents 
1 to 4 listed below. In addition. Patent Document 4 listed 
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below describes a method for fabricating a magnetic film 
with a high Bs value by plating in a plating solution not 
containing saccharin sodium salt. Also, materials based on 
Co-Fe binary alloys have a high Bs value as disclosed in 
Patent Document 6 listed below. 
[Patent Document 1] 

Japanese Patent Laid-open No. 6-89422 
[Patent Document 2] 

Japanese Patent Laid-open No. 8-241503 
[Patent Document 3] 

Japanese Patent Laid-open No. 6-346202 
[Patent Document 4] 

Japanese Patent Laid-open No. 7-3489 
[ Patent Document 5 ] 

Japanese Patent No. 2821456 
[Patent Document 6] 

Japanese Patent Laid-open No. 2002-280217 

[0004] 

[Problem to be Solved by the Invention] 

A magnetic disk drive capable of high-density 
recording needs a magnetic head with a magnetic core to 
generate a stronger magnetic field. One way under study to 
meet this requirement is to invariably form a thick film for 
the magnetic core from a material which has a high 
saturation magnetic flux density (Bs) and generates a strong 
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magnetic field that permits writing on a recording medium 

having a high coercive force. 

[0005] 

However, even with the reported CoNiFe series 
material we could not stably make a luster film with 
enough thickness by electroplating, because of white 
turbidity, bumps of the film surface. Also, CoFe two 
element series alloy did not have good corrosion resistance. 
[0006] 

In view of the foregoing, the present invention has 
been made, and it is an object of the present invention to 
provide a magnetic head having a magnetic core which, as 
compared with conventional ones, exhibits better corrosion 
resistance and generates a stronger magnetic field. It is 
another object of the present invention to provide a 
magnetic disk drive provided with the magnetic head. 
[0007] 

[Means for Solving the Problem] 

The present invention to address the above-mentioned 
problem is directed to a magnetic head having a lower 
magnetic core and an upper magnetic core, with at least one 
of them being composed of magnetic films each containing two 
or more elements of Co, Ni, and Fe, characterized in that a 
magnetic layer disposed near a magnetic gap is a plated 
magnetic film containing Co, Ni, and Fe, with 20 ^ Co ^ 40 
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wt%, 0 < Ni ^ 2 wt%, and 60 ^ Fe ^ 80 wt%, and having a 
saturation magnetic flux density of 23,000 gauss or more. 
According to the present invention, the plated magnetic film 
is formed by electroplating in a plating bath having a pH of 
2 or less. 
[0008] 

The magnetic head mentioned above is constructed 
such that at least one of the lower and upper magnetic cores 
is a magnetic film having a saturation magnetic flux density 
of 23,000 gauss or more. Therefore, this head generates a 
magnetic field necessary for writing even though the write- 
track width is reduced. In addition, the magnetic film 
formed from the CoNiFe alloy in place of the conventional 
CoFe alloy will improve corrosion resistance. 
[0009] 

In addition, according to the present invention, the 
plated film is formed in a plating bath containing saccharin 
sodium salt as a stress -relaxing agent. 
[0010] 

The advantage of forming the plated film in a 
plating bath containing saccharin sodium salt is that it is 

possible to attain a film thickness of 3 p or more. 
[0011] 

The magnetic disk drive of the present invention 
comprises a magnetic head and a magnetic write medium having 



a coercive force of 4,000 Oe or more, said magnetic head 

being composed of a read head and a write head having a 

lower magnetic core and an upper magnetic core, with at 

least one of them being formed from a material containing Co, 

Ni, and Fe, with 20 ^ Co ^ 40 wt%, 0 < Ni ^ 2 wt%, and 60 

^ Fe ^ 80 wt%. 

[0012] 

The magnetic disk drive constructed as mentioned 
above is capable of writing on a magnetic recording medium 
having a high coercive force, e.g., 4,000 Oe, owing to the 
magnetic head mentioned above. 
[0013] 

[Mode for Carrying out the Invention] 

A detailed description is given below of a magnetic 
head and the process for production thereof according to the 
present invention . 
[0014] 

The magnetic head according to the present invention 
is a thin-film magnetic head of the so-called write-read 
separate type. This magnetic head is characterized in that 
the write head (or inductive magnetic head) has a magnetic 
core which is formed according to the processes of the flow 
sheet shown in Fig. 1. 
[0015] 

As shown in Fig. 1(d), a lower magnetic core 
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comprises a 46NiFe film 2, a CoNiFe underlying film 3, and a 
CoNiFe plated film 4, which are sequentially formed on a 
magnetic shield (not shown). The upper magnetic core, which 
faces the lower magnetic core, comprises a plated underlying 
film 3, a CoNiFe plated film 4, and a 46NiFe film 7 , which 
are sequentially formed on a magnetic gap film 5. 
[0016] 

In other words, each of the lower magnetic core and 
the upper magnetic core has a plated underlying film 3 and a 
CoNiFe plated film 4 formed thereon. The plated film 4 
should preferably be composed of Co, Ni, and Fe, with 20 2£ 
Co ^ 40 wt%, 0 < Ni ^ 2 wt%, and 60 ^ Fe ^ 80 w% . This 
composition is essential for the magnetic head to generate a 
magnetic field applicable to high-density recording. The 
underlying film 3 should be made of CoNiFe or CoFe so that 
the plated film 4 has good crystal properties for easy 
control of orientation. 
[0017] 

The magnetic head having the magnetic core 
constructed as mentioned above is produced in the following 
manner . 
[0018] 

Step (a): First, the 46NiFe film 2 is formed on a 
magnetic shield (not shown). Then, the CoNiFe underlying 
film 3 is formed by DC or RF sputtering with a CoNiFe alloy 
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target in a sputtering chamber at a vacuum of 5 x 10" 5 Pa or 
less which is supplied with argon gas. An optional adhesion 
layer of non-magnetic metal with a thickness of about 5 nm 
may be formed. On the CoNiFe underlying film 3 is formed 
the CoNiFe plated film 4 by electroplating in a plating 
solution containing Co, Ni, and Fe ions and saccharin sodium 
salt as a stress relaxing agent, as specified in Table 1. 
The plating solution should be acidified so that pH < 2.0, 
preferably 1.7 ^ pH ^ 1.9. The plated film thus obtained 
has a composition of Co 33 NiiFe66 (wt%). 
[0019] 

Step (b): On the CoNiFe plated film 4 is formed the 
magnetic gap film 5, which is an insulating film of A1 2 0 3 or 
Si0 2 in the form of single layer or multiple layers. Then, 
on the magnetic gap film 5 is formed the CoNiFe underlying 
film 3 by sputtering in the same way as mentioned above. 
[0020] 

Step (c): A resist frame 6, which is used to form 
the upper magnetic core, is formed. The resist frame 6 is 
patterned into a desired shape, and then the CoNiFe plated 
film 4 and the 4 6NiFe plated film 7 are sequentially formed 
by plating. Incidentally, the 46NiFe film is used for 
either of the upper and lower magnetic cores in this step; 
however, the 46NiFe film may be replaced by an 80NiFe film, 
or the CoNiFe film as specified in the present invention may 
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be used for both of the upper and lower magnetic cores . 
Also, to attain the object of the present invention, the 
thickness of the underlying film may range from 15 to 200 nm 
although it is 100 nm in this example. 

Step (d): The resist and underlying film are 
removed, and trimming is performed so that the upper and 
lower magnetic cores have the prescribed track width. 
[0021] 
[Table 1] 



Table 1 



Temperature of plating bath 


30°C 


PH 


1.9 


Current density 


9 mA/cm 2 


Co ++ 


3.3 g/1 


Fe ++ 


6.3 g/1 


Ni ++ 


1.7 g/1 


Saccharin sodium salt 


1.5 g/1 



[0022] 

The magnetic film varies in composition as shown in 
Fig. 2. With a composition of Co > 40 wt% and Fe < 60 wt%, 
or with a composition of Co < 20 wt% and Fe > 80 wt%, the 
resulting magnetic film has a high coercive force as shown 
in Fig. 3, which leads to deteriorated properties in the 
soft magnetic film. Also, with a composition of Ni > 2 wt%, 
the resulting magnetic film is poor in magnetic properties, 
that is, Bs < 2.3 T. With a composition of Ni = 0 wt%, the 



- 11 - 



resulting magnetic film is poor in corrosion resistance. 
This is apparent from the measurement of corrosion potential, 
that is, a sample containing no Ni has a natural immersion 
potential which is low as compared with a sample containing 

1 wt% Ni. Therefore, a nickel content more than 0 wt% is 
necessary. 

[0023] 

The CoNiFe film with a composition of 20 ^ Co ^ 40 
wt%, 0 < Ni ^ 20 wt%, and 60 ^ Fe ^ 80 wt% as shown in Fig. 

2 according to the present invention can be obtained by 
performing plating under the conditions shown in Table 2. 
The electroplating may employ either direct current or 
pulsed current. 

[0024] 
[Table 2] 



Table 2 



Temperature of plating bath 


25-35°C 


PH 


1.7-2.0 


Current density 


3-100 mA/cm 2 


Co ++ 


2-10 g/1 


Fe ++ 


5-20 g/1 


Ni ++ 


0-3 g/1 


Saccharin sodium salt 


0.5-2.0 g/1 



[0025] 

As mentioned above, the present invention is 
characterized in that the CoNiFe or CoFe plated film is 
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formed in a plating bath containing saccharin sodium salt as 
a stress-relaxing agent. Plating in this manner gives a 

plated film as thick as 3 p or more. Moreover, as shown in 
Fig. 4, about 0.5 g/1 of saccharin sodium salt added to the 
plating solution helps reduce the film stress to about 200 
MPa. However, the addition of 2.5 g/1 or more of saccharin 
sodium salt produces no additional effect. With an excess 
amount of saccharin sodium salt in the plating solution, the 
resulting film is poor in corrosion resistance on account of 
the increased sulfur content therein. Thus, the optimal 
amount of saccharin sodium salt is 0.5-2.0 g/1. 
[0026] 

Fig. 5 is a partial sectional view of a thin-film 
magnetic head of write-read separate type which employs the 
write head having the above-mentioned underlying film 3 and 
plated film 4 in part of the upper and lower magnetic cores . 
[0027] 

This magnetic head is produced in the following 
manner. First, on a non-magnetic substrate 8 are formed a 
lower magnetic shield film 9 and a lower magnetic gap film 
(not shown), and a MR or GMR sensor as a read element 10 is 
formed further thereon. Then, a magnetic domain control 
layer 11 and an electrode film 12 are formed, and the upper 
magnetic gap film and the upper magnetic shield film (not 
shown) are formed. 
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[0028] 

Then, a magnetic gap film between the read element 
and the write element is formed, and the lower magnetic core 
is formed thereon. Specifically, the 46NiFe film 2 is 
formed by plating, the CoNiFe underlying film 3 of a 
thickness of 100 nm is formed by sputtering, and the CoNiFe 
plated film 4 with a prescribed thickness is formed in a 
plating bath having pH < 2.0. Good flatness may be achieved 
if an insulating film which is thicker than the plated film 
is formed and chemical mechanical polishing (CMP) is 
performed thereon. Then, the magnetic gap film 5 is formed. 
The CoNiFe underlying film 3 of 100 nm thick is formed by 
sputtering. A resist frame to form the upper magnetic core 
is formed, and the CoNiFe plated film 4 and the 46NiFe film 
7 are sequentially formed by plating. The resist and 
underlying film are removed, and trimming is performed so 
that the upper and lower magnetic cores have a prescribed 
track width. Further, the coil 13 to apply a writing 
current and the organic insulating layer 14 are formed, and 
the 46NiFe film is formed by frame plating. 
[0029] 

The thin-film magnetic head produced as mentioned 
above exhibits good writing characteristics; for example, 
the present inventors confirmed that this head is totally 
capable of writing on a magnetic medium having a coercive 
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force of 4,000 Oe or more. 
[0030] 

Fig. 6 shows the configuration of a magnetic disk 
drive provided with the above-mentioned thin-film magnetic 
head. 
[0031] 

This magnetic disk drive comprises a magnetic disk 
15 to record information, a motor 16 to turn the magnetic 
disk, a magnetic head 17 to write or read information on or 
from the magnetic disk, an actuator 18 for positioning the 
magnetic head 17 at a desired position on the magnetic disk, 
and a voice coil motor 19. The disk drive also has a guide 
arm 21 to which the magnetic head is attached and to which a 
spring 20 to stably maintain a submicron space for the 
magnetic head is fixed. The guide arm 21 is driven by the 
actuator and voice coil motor. In addition, the disk drive 
also comprises a magnetic disk rotation control system, a 
head position control system, and a write/read signal 
processing system, which are not shown. 
[0032] 

[Effect of the Invention] 

As mentioned above, the magnetic head according to 
the present invention is constructed such that at least one 
of upper and lower magnetic cores of a write head is 
composed of magnetic films each of which contains two or 
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more elements of Co, N±, and Fe, and which are formed by- 
electroplating in a plating bath with pH 2 or less. 
Moreover, a magnetic layer near a magnetic gap is a soft 
magnetic thin film containing Co, Ni, and Fe, with 20 ^ Co 
^ 40 wt%, 0 < Ni ^ 2 wt%, and 60 ^ Fe ^ 80 wt%, and 
having a saturation magnetic flux density of 23,000 gauss or 
more. Thus, the magnetic core capable of generating a 
strong magnetic field can invariably be formed and is 
applicable to high-density recording. 
[0033] 

The process of the present invention permits the 
stable production of magnetic cores with thick films and 
hence provides a magnetic head applicable to high-density 
recording . 
[0034] 

The magnetic disk drive of the present invention, 
which is provided with the above-mentioned magnetic head, is 
applicable to magnetic recording media having a coercive 
force greater than 4,000 Oe and hence it achieves a high 
recording density . 

[Brief Description of the Drawings] 
[Fig. 1] 

Figs. 1(a) to 1(d) are diagrams showing a process 
flow for production of a magnetic core of a write head in a 
thin- film magnetic head. 
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[Fig. 2] 

Fig. 2 is a triangular diagram showing the 
composition of a CoNiFe film obtained according to the 
present invention . 
[Fig. 3] 

Fig. 3 is a diagram showing the coercive force of 
the CoNiFe film obtained according to the present invention. 
[Fig. 4] 

Fig. 4 is a diagram showing the relation between an 
amount of saccharin sodium salt added and stress in the 
resulting CoNiFe film. 
[Fig. 5] 

Fig. 5 is a schematic diagram showing a thin-film 
magnetic head of the present invention. 
[Fig. 6] 

Fig. 6 is a schematic diagram showing a magnetic 
disk drive according to the present invention. 
[Explanation of Reference Numerals] 

1 ... Substrate, 2 ... 46NiFe film, 3 ... Plated 
underlying film, 4 ... CoNiFe plated film, 5 ... Magnetic 
gap film, 6 ... Resist film, 7 ... 46NiFe film, 8 ... Non- 
magnetic substrate, 9 ... Lower magnetic shield, 10 ... 
Giant magneto-resistive effect film, 11 ... Magnetic domain 
control film, 12 ... Electrode film, 13 ... Conductor coil, 
14 ... Organic insulating layer, 15 ... Magnetic disk, 16 . . . 
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Motor, 17 ... Magnetic head, 18 ... Actuator, 19 ... Voice 
coil motor, 20 ... Spring, 21 ... Guide arm 
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[Name of Document] Abstract of the Disclosure 

[Abstract] 

[Object] 

To provide a magnetic head capable of generating a 
magnetic field which has a high- saturating flux density and 
is sufficiently applicable to a high-recording density. 
[Solving Means] 

At least one of lower and upper magnetic cores is 
composed of magnetic films each of which contains two or 
more elements of Co, Ni, and Fe, which are formed by 
electroplating in a plating bath with pH 2 or less, and 
which have a saturation magnetic flux density of 23,000 
gauss or more. 
[Selected Drawing] Fig. 1 
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Fig. 4 

Stress in film (MPa) 

Content of saccharin sodium salt in solution (g/1) 
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